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ABSTRACT

A microcomputer-based optimization model for short-term allocation of field artil-
lery fire is developed and evaluated. The Artillery Optimization Model utilizes a mixed
integer linear program that takes available targets, weights the targets by performing
Target Value Analysis, and assigns firing units specific amounts and types of ammuni-
tion to fire at designated targets. In determining the optimal near-term allocation of
artillery resources the model considers the target’s intrinsic value, current ammunition
levels, future ammunition re-supply, capabilities and limitations of the firing units, the
ability of the artillery to mass fires, and the commander’s criteria for target destruction.
The model has been evaluated via direct competition with three experienced artillery
officers using the Janus(T) high-resolution combat simulation. The results of the eval-
uation have shown that the Artillery Optimization Model produces a greater destruction.
per projectile, than any of the artillery officers. If the results of the evaluation are
projected over the course of a battle, the combat power of the field artillery would be
substantially increased using the Artillerv Optimization Model.
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I. INTRODUCTION

A. GENERAL

The field artillerv is known as the "King Of Battle” because of its ability to inflict
massive damage on enemy forces. However, resources such as the available artillery
units, ammunition, and time dictate that the field artillery cannot engage all available
targets on the battlefield. The field artillery fire support system must decide which tar-
gets warrant field artillery fire, and what is the best manner with which to attack those
targets.

Given that the next battlefield can be described as “target rich”, the possible com-
binations of targets, ammunition and weapon systems necessitate the use of an auto-
mated target processing system. The current methodology emploved by the TACFIRE
svstem normally attacks targets on a first in, first out basis [Ref. 1: p. 6-15], with no re-
eard for future ammunition levels [Ref. 1: p. 6-9]. Thus, TACFIRE does not maximize
the potential of the field artillery. In fact, one of the requirements of the Organizational
and Operational Plan for the future command and control svstem of the artillery, known
as the Advanced Field Artllery Tactical Data Svstem (AFATDS), is that

AFATDS will develop specific instructions for target attack. It will determine the
method of engagement (projectile fuze combination and number of rounds the
weapons are to fire). (Ref. 2: p. §]
Thus. the Army recognizes the need for an advanced fire control svstem that manages
field artillerv fires.

This thesis will present a model called the Artillery Optimization Model. The pur-

pose of the Artillery Optimization Model is to quickly prioritize targets and then engage

selected targets using an optimal allocation of field artillery assets.

B. CHARACTERISTICS OF THE ARTILLERY OPTIMIZATION MODEL

The Artillery Optimization Model is microcomputer-based and utilizes a mixed in-
teger lincar program that takes available targets, weights the targets, and assigns firing
units to the targets based on the following critena:

1. The target’s intrinsic value;

to

. The characteristics of the artillery systems:

()

The capabilities and limitations of the firing units;




Jd. Available ammunition;

n

Expected ammunition resupply:
Commander’s guidance;

The ability of the artillery to mass fires;

© NS

The fact that each rouud fired by an artillery unit increases the probability of de-
tection by enemy forces.

The Artillery Optimization Model is a proof prototype model for a real-time decision

support system for optimizing field artillery fire.

C. DEFINITIONS
The following definitions apply in this thesis.

1. A round is a synonvm for projectile.

[

A vollev is a unit firing a certain tvpe of ammunition, in unison, at the same target.
For example, if each howitzer in a unit rires 4-rounds of high explosive ammunition
at a particular target, this is the same as 4-vollevs of high explosive.

(¥ ]

An element refers to an individual entitv of a particular artillery unit. For example,
the elements of a platoon are the howitzers while the elements of a battery are the
platoons.

4. A mission is a gun or group of guns firing some number of successive vollevs at the
same target using the same tvpe of ammunition. For example. a unit firing two
vollevs of high explosive ammunition at a target is firing one mission.

W

Adjust fire is the process of moving the impact location of the round, with one gun
firing one round at a time, until the desired location is achieved.

6. Fire for effect means that one or more howitzers fire a predetermined number of
rounds at the target.

7. Massing artillerv fires means simultaneously attacking the same target with several
elements.
D. ORGANIZATION OF THE THESIS
Chapter 2 contains background information on the organization and employvment
of the field artillerv. Readers familiar with current doctrine regarding the field artillery
mayv only wish to scan these sections. Chapter 2 also contains a literature review. Rel-
evant assumptions concerning the effects and employment of the field artillery that per-
tain to the Artillery Optimization Model are in Chapter 3.
The thrust of this thesis is Chapter 4, where the Artillery Optimization Model is fully
developed and described. While variables and equations are presented in detail. sections

have also been devoted to programming and calibrating the model.




Finallv, Chapter V describes a test conducted using the Artillery Optimization
Model with the Janus(T) high resolution, combat model. Outcomes from this test are

analyzed in the appendices.




1. BACKGROUND

A. MISSION
Field Manual 6-20 states that the mission of the field artillery is to

...destroy, neutralize, or suppress the ¢cnemy by cannon, rocket, and missile fire and
to assist in integrating all fire support into combined arms operations. [Ref. 3: p.
3-21)

Essential to the accomplishment of this mission is the organization of the different
components of the field artillery. Although field artillery units are specifically tailored
for diflerent missions, there are basic elements that are relevant to everyv field artillery

unit.

B. ORGANIZATION OF THE FIELD ARTILLERY
The relationship between different echelons of the artillery is dependent upon the
tvpe of unit. What follows is a listing of some essential sections for a generic. split bat-
tery, 155mm, self-propelled field artillery battery organic to a division artillery:
1 Batterv Headquarters.
1 Battery Fire Direction Center (FDC),
8 Howitzers, and

Associated Service Support.

In a division artillery, the echelon above battery is battalion. The composition of a
normal field artillery battalion includes:
1 Battalion Headquarters,
1 Brigade Fire Support Element (FSE),
3 Company Fire Support Teams (FIST).
1 Battahion FDC,
3 Howitzer Batteries, and

Associated Service Support.

Although the FSE and FISTs are organic to the artillery, they are usually associated
with a maneuver (Infantry or Armor) unit. In a combat environment. the FSL and

FIST collocate and work with their respective maneuver counterpart.




The level above battalion is division artillery (DIVARTY). A DIVARTY ordinarily
consists of the following:
1 Division Fire Support Element,
1 DIVARTY Headquarters,
I Division FDC,
4 Howitzer Battalions,
I Target Acquisition Battery (Location of radar units), and

Associated Service Support.
The echelon above DIVARTY is corps, and above corps is Army.

C. THE FIRE SUPPORT GUNNERY TEAM

In order to accomplish its mission, the field artillery relies on the fire support
gunnery team. The team consists of an observer, the fire direction center, and the firing
unit.

1. The Observer

The observer serves as the eves of the fire direction team [Ref. 4: p. 1-1]. Al-
though the observer may be a soldier with binoculars or a sophisticated radar system,
the responsibilities of the observer stated in Field Manual 6-30 include detecting and lo-
cating suitable indirect fire targets [Ref. 4: p. 2-2).

A Fire Support Team (FIST) is one type of observer. While the FIST is a
component of the field artillery. the FIST is usually associated with a maneuver unit.
A FIST consists of a headquarters (minimum of four men) and forward observers. The
FIST is responsible for managing fire support for the supported company’s battle plans.
Although the responsibilities of the FIST are numerous, one of the principal duties of
the FIST is requesting and adjusting indirect fires. [Ref. 4: p. 2-2]

Another type of observer is a radar section. A radar section is a separate ele-
ment from a FIST and does not usuallv share the same relationship with a maneuver
unit. The principal duty of radar is to detect enemy artillery, mortar and rocket units.

2. The Fire Direction Center

The fire direction center (FDC) serves as the brains of the fire support gunnery
team [Ref. 4: p. 1-1). The FDC receives the request for fires from an observer and con-
verts it to firing data and then to fire commands for the howitzers.

It is the FDC that determines the number of rounds needed to accomplish a

mission and the appropriate shell fuze combination. In fact. Field Manual 6-40 states




that "The most important step in performing a target analysis is determining the number
and type of rounds required to produce a desired eflect.” [Refl. 5: p. H-6] A guide for
choosing the number and type of rounds exists in the Joint Munitions Effectiveness
Manuals (JMEM); however,

Using JMEMs to determine attack data requires considerable time. Because of time

constraints, use of JMEMs at battalion and battery FDC levels is not recommended

for engaging targets of opportunity. [Ref. 5: p. H-6]
Therefore, a Fire Direction Officer (FDO) must rely upon his training and experience to
choose the number of rounds and appropriate shell fuze combination to engage eacn
target.

3. The Firing Unit
The firing unit acts as the brawn of the gunnery team [Ref. 4: p. I-1]. It is at

the firing unit level that the fuze is mated to the projectile and loaded into the howitzer
along with the appropriate propellant charge. While the FDC computes the firing data,
the howitzer crew “sets this data off” on the weapon and fires the round.

D. FIRE SUPPORT SYSTEM FLOW OF EVENTS

Although there are numerous variations to the basic artillerv call for fire, a routine
request for artillery support would consist of the following events. First, a target must
be detected. Assuming the target is detected by a forward observer (FO), the target is
then transmitted to a FIST Chief who ensures that the target is not a duplication of an
existing target. The FIST Chief then takes appropriate action to have the target en-
gaged.

A FIST Chief is usually associated with a particular battalion Fire Support Officer
(FSO). The Battalion FSO decides if the target is worth engaging and makes a judge-
ment as to the amount of artillery necessary to neutralize the target. If the battalion
FSO believes that more artillery is required than is available at his level, he may request
additional support from a brigade FSO. Likewise, a brigade FSO requests from division,
and division requests from corps. FSO’s, or their representatives at each level, make
subjective evaluations of the targets and decide whether to pass them on to firing units
or request additional support.

Once a target reaches a firing unit, an FDO determines if the target can actually be
engaged by his particular unit. Assuming the firing unit is to engage the target, the FDO
must decide on the actual amount and type of ammunition with which to engage the
target.




Finally, the target location is converted into firing data and fire comunands are sent
to the howitzers where ammunition is loaded and the weapons fired.
Figure 1 depicts this flow of events.

INFORMATION FLOW \
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Figure 1. Fire Support System Flow of Events: A request for artillery fire usually
originates with an FO and is processed through several channels until
the firing data is computed by an FDC and transmitted to the howitzers.

E. LITERATURE REVIEW
Research into literature regarding decision support systems that allocate artillery fire
led to the discovery of the following models.
1. Research Analysis Corporation Model
A Research Analysis Corporation (RAC) report entitled, 4 Methodology for
Determining Support 1Veapon System Mixes [Ref. 6: 1973], develops a method "...for




determining the least cost mix of units which can accomplish the fire support tasks
associated with a phase of combat.” [Ref. &: p. S-1] The key to the RAC methodologyv
is the construction of a matrix in which the left column represents the fire support tasks
and the top row represents candidate fire support units. The individual cells of the ma-
trix are the number of units required to accomplish a specific task. An example matrix
is depicted as Figure 2. Note that the RAC model does not limit the units to artillery:
rather, units refer to any assets available, such as aircraft or howitzers.

Candidate Fire Support Units (u;)

My K2 U3 Hy Hj

Fire
Support PO Y N N N N
Ta‘sks 2 21 22 23 24 2
(%) ,
£3 A¥Y N3, N33 Ny A kY,
/_1 \’_u \42 .‘\‘43 \'44 L\ _1}

Figure 2. RAC Fire Support Matrix: Entries N, represent the amount of unit j
required to accomplish task i.

A hinear program is used to assign the different tasks to the different units. A
cost. b,, is associated with each .\, The objective function is to minimize the cost of the
fire support tasks. There are two types of constraints. The first constraint ensures that
all 1 tasks are completed, and the second constraint ensures that enough of each unit is
assigned to meet the need of that task.

Since the RAC approach utilizes a linear program. fractional units or weapon
svstems may be assigned tasks. Additionally, the solution generated by the RAC model

may mix resources that are not operationally compatible. Further, all the advantages

r




or disadvantages of emplcying a certain resource are not accounted for in the cost. For
example, "An Fd squadron may be compared to an artillery battalion for the role of fire
support, but in doing so its air superiority role is ignored.” [Ref. 6: p. 5-2]

2. Soviet Model

A Soviet report entitled dutomated Control Systems Provide Support to Artillery
Fire [Ref. 7: 1983], develops a method for distributing artillery resources. By implication,
the first section of the report apparently considers the use of nuclear rounds by the ar-
tillery: this section only considers a single weapon firing a single round.

Section 3.3, Rational Distribution of Artillery Fire, concerns the “...distribution
of enemy objectives among artillery battalions.” [Ref. 7: p. 26] The model utilizes a
matrix of the available units versus possible targets. The left column of the matrix re-
presents artillerv battalions and combinations of artillery battalions. The top row of the
matrix consists of the targets.

Each target is preassigned a desired level of destruction that must be obtained
if the target is to be engaged. Targets are classified as simple targets, which may be en-
gaged with batteries from a single battalion, or complex targets, which may require more
than one battalion to achieve the desired destruction. Additionally, targets are also
classified according to importance groups.

The cells of the matrix consist of binaryv variables, designated as ¢, that either
allow or reject a given method of attack. Each cell also contains the number of batteries
required to obtain at least the predetermined level of destruction. or in the case of com-
plex targets, the portion of destruction obtained firing the entire battalion. Additionally,
each cell contains the number of projectiles that would be expended.

A sample matrix is depicted at Figure 3. The required batteries are abbreviated
as "Btry”, battalion is abbreviated as "BN", rounds are abbreviated as “rnds” and T1
through TS5 represent targets 1 through 5. Note that a dash indicates that the required
level of destruction can not be obtained. For complex targets, the partial destruction
coefficients are abbreviated by the term “Fill”. One battalion is assigned the task of co-
ordinating the fire support effort for the complex target, and that battalion is designated

by not displaying a partial destruction coefTicient.




Simple Targets Complex Targets
Unit T T2 T3 T4 T5
3 Btry 2 Bty 3 Birv 0.57 Fill | 0.38 Fill
) 800 rnds | 310 rnds | 600 rnds | 880 rnds | 392 rnds
Battalion 1
61y 612 613 614 0,5
. 3 Btry 2 btry 2 Bury 0.66 Fill | 0.44 Fill
Avaglable . 800 rnds | 310 rnds | 320 rnds | 898 rnds | 598 rnds
Fire Battalion 2
Support 0 022 03 64 0,5
Units
3 Bury 2 Btry 2 Btrv 2 Btrv
.~ | 1452 rnds 1200 rnds| 1210 rnds{ 1210 rnds
Battalion 3 -
63, 033 O34 635
1 Btry
Battalion 1 per Bn
and - - - 310 rnds .
Battalion 2 9
53

Figure 3. Soviet Fire Support Matrix: Individual cell entries represent the num-
ber of batteries and amount of ammunition required to achieve a prede-
termined level of destruction. The binary variable 6, represents a
particular method of attack.

An integer program is used to select which 6,’s appear in the solution. The
primary objcctive function is to maximize the total ,’s from the first importance group
of targets. The solution is subject to constraints that allow the selection of only one
0, per target. Additional constraints limit the quantity of batteries emploved to the
number of available batteries, while ammunition is also limited to available ammunition.

If more than one optimal solution is calculated, secondary objective functions
maximize the 6,’s in the second and third target importance groups. A final criteria
minimizes the total expenditure of ammunition.

The Soviet model is not flexible in that a given level of destruction, per target,

must be achieved even if a lesser ammunition expenditure would result in almost the

10




same level of destruction. Also, there is no method of distinguishing the effects of dif-
ferent ammunition. Finally, the model assumes the eftects within a battalion are linear.
For example, if only 30 percent of the effects from a battalion are required for a given
target, then only 30 percent of the battalion need fire.

3. The Battle Decision Aid

A report entitled Decision Support System for Fire Support Command and Con-
rrol [Ref. 8: 1983] describes a decision support aid developed for the United States Ma-
rine Corps. The name of this decision aid is Barile, and its purpose is to provide
“...recommendations for the allocation of a set of weapons to a set of targets.” [Ref. §:
p- 1]

The Bartle decision aid has two phases. The first phase analyzes the effective-
ness of weapons systems against the targets by “A complex calculation that uses 55
factors of the weapon, target and battlefield situation.” [Ref. 8: p. 1] Barile uses a
computation network to arrive at these effectiveness values.

The second phase computes a total amount of destruction based upon the ef-
fectiveness of the weapons targets calculated in phase one. The second phase uses these
values, along with a tactical value for each target, to arrive at a solution that maximizes
the total expected destruction.

Baitle was tested using an eight weapon, seventeen target scenario. A Marine
Corps artillery expert “...judged the allocation plans generated by battle against his ex-
pertise and found the plans to be acceptable solutions for the destruction of the targets.”
[Ref. 8: p. 11]

Limitations cited by the authors of reference 8 are that Battle “...delivers only
one volley to target, does not schedule weapons fire, (and) does not assign munition fuse
type.” [Ref. 8: p. 19]

4. Literature Summary

The purpose of the Artillery Optimization Model is real-time target
prioritization and fire mission assignment. The RAC model is designed to evaluate
weapon svstem mixes, and treats weapon-to-target assignments in highly aggregate net
assessment terms. The Soviet model is on a larger scale, disrcgarding ammunition ex-
penditure in lieu of target destruction. Bautle appears to be an intricate decision model
rather than an effective decision aid.

The Artillery Optimization Model fills the need for specific, near-term decision
support for optimizing field artillery fire.

11
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III. ASSUMPTIONS

A. MISSION LIMITATION

The Artillery Optimization Model only considers missions dealing with target de-
struction. Special missions, such as illumination and smoke, are not considered by the
model as these missions are concerned with target identification and obstruction, not

target destruction.

B. METHOD OF FIRE
It is assumed that units will not adjust fire, rather, the observer’s perceived target
location is assumed accurate enough to allow a unit to fire in the “fire for effect” mode.
Chapter 6 discusses a method of accounting for targets that may require adjusting

fire.

C. PROPELLANT CHARGES

The firing range of a projectile is a function of several items, including the choice
of propellant charge. Since the desired range may be achieved using different propellant
charges, it is assumed the propellant charge used is the one with the smallest expected

range error.

D. AIMING AND BALLISTIC ERRORS
There are two types of errors which could cause a round to miss a target: the aiming
error and ballistic error:

1. Aiming error, as depicted in Figure 4, is the difference between the desired aim
point and the actual aim point.

2. Ballistic error, shown in Figure 4, is the error between the actual aim point and the
location of the round’s impact [Ref. 9: p. 2-28].
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Figure 4. Ballistic and Aiming Error: Aiming error is the difference between the
actual aiming point and the desired aiming point while ballistic error is

the difference between the actual aiming point and the actual impact.

The Artillery Optimization Model accounts for aiming error by adjusting the value
of the target. A target whose location is only estimated will be degraded in value
whereas a target with an exact location is not degraded. Thus, the expected destruction

tables, located in Appendix B, only allow for the ballistic error.

E. DESTRUCTION EFFECTS CURVES

The destructive power of the field artillery does not increase at a constant rate,
rather, it increases at a decreasing rate. Plotting the expected destruction obtained from
the Joint Munitions Effectiveness Manuals (JMEMs) for a given ammunition type
against a specified target will vield a destruction curve as depicted in Figure 5. The Ar-
tillerv Optimization Model assumes that the effects curve, within a volley, for a given

target, unit and ammunition tyvpe is composed of linear segments. The approximate
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shape of a destruction effects curve used in the Artillery Optimization Model is seen in
Figure 6.
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Figure 5. Destruction Effects Curve: The v-axis represents the amount of ex-
pected destruction for a specific target, while the x-axis represents the

number of projectiles.
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Figure 6. Modified Destruction Effects Curve: A piece-wise linear approximation

is used to approximate the actual destruction effects curve.
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The Artillery Optimization Model looks at each straight line segment of a de-
struction effects curve independently. Ammunition is defined by type as well as amount
to be fired: for example, high-explosive 1-volley is a different tvpe of ammunition than
high-explosive 2-volley. The outcome is that an effects curve used in the Artillery Opti-
mization Model closely approximates the actual artillery destruction curve for a given

type of ammunition fired against a particular target.




IV. THE ARTILLERY OPTIMIZATION MODEL

A. PROBLEM STATEMENT
Field Manual 6-20 states one of the problems facing the field artillerv in the accom-

plishment of its mission is that

Weapons and ammunition are scarce, targets are plentiful, and the pace of battle is

fast. [Ref. 3: p. 3-21]
Since field artillery assets on the battlefield are a limited resource, field artillery resources
must be emploved optimally. Two areas considered in optimizing field artillery fires are
prioritizing enemy targets and optimally allocating artillery resources to inflict maximum

damage on the enemy.

B. TARGET VALUE ANALYSIS

Although there is an abundance of targets on the battlefield, limited ammunition
and artillery assets dictate that every available target cannot be engaged. A method is
needed that allows the field artillery to quantitatively compare the importance of targets.
Target value analysis (TVA) is a method of assigning numerical values to targets.
Among the characteristics that TVA considers are [Ref. 10}

1. Doctrinal value of a target;

[

Movement of a target:

Target mobility;

L

4. Target activity;

thn

Situational weighting of a target:

6. Particular mission of the artillery unit.

TVA assigns a point value to each target, depending upon the target’s attributes.
One major criticism of TVA is that the doctrinal value of a rarget is, to some degree, a
subjective judgement. Thus, commanders mav differ with the doctrinal value based on
their own experience and the current situation.

The Artillery Optimization Model allows for the difference in opinions concerning
the value of a target by providing commanders the option of setting a desired destruction

level for a particular class of targets.




C. THE MODEL
The Artillery Optimization Model utilizes a nuxed integer linear program that opti-
mally allocates artillery assets and ammunition to targets based on the TVA computed
points. The following are the components of the Artillery Optimization Model.
1. Index Use
a. Target Number

The index used to represent targets is the letter 1.

Potential artillery targets are designated with a sequential number that
serves only to identifv the target. Targets are then classified into target tvpes.

b. Type of Ammunition

The index used to represent different types of ammunition is the letter j.

The possible amounts of each type of ammunition that can be fired at a
target are considered as separate indices. For example, 1-volleyv of high-explosive am-
munition is indexed differently from 2-vollevs of high-explosive ammunition.

Additionally, the letter J represents each ammunition category, for example,
J={HE, ICM}

c¢. Unit

The index used to represent units is the letter k.

A unit, for the purpose of this model, is defined as a group of firing svstems
acting in unison. While common units in the field artillery are the platoon, battery or
battalion. the model does not restrict the term unit to those particular organizations.
Any combination of artillery elements that should act in unison, must be designated as
a unit. For example, in an artillerv battalion that consists of three batteries, the fol-
lowing arc conceivable units:

1. Each platoon.
2. Each battery.
Each possible combination of the three batteries.

4. The battalion.

(99

2. Available Data
a. General Data
The following data is available under the guidelines used for the employ-
ment of the field artillery with the AFATDS svstem [Ref. 2].
71, Target Quality Poimts. (), are the quality points for target i. Quality

points are assigned to each target utilizing the concept of TVA. These quality points
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are computed in a separate program and are assigned to each target before the model
begins the optimizing process.

12, Available Ammunition.  Ammo,, is the available amount of type j
ammunition for unit k. Although each j represents a different amount of ammunition,
the ammunition available will be the same for all je J. The ammunition status is up-
dated as unit k expends each category of ammunition.

13, Expected Destruction. D, is the expected damage to target i given
that a unit fires type j ammunition. Expressed as a percentage, values for D,, are located
in the Joint Munitions Effectiveness Manuals (JMEMs). These manuals “...provide
guidance for determining the expected fraction of casualties to personnel targets or
damage to material targets.” [Ref. 11: p. 2-2] However, there is no assurance that a given
number of volleys will produce the exact amount of destruction predicted by JMEMs,
rather, the JMEMs acts a guide. Since the probability of hitting a target, and subse-
quently destroving it is a function of range, D,; is also range dependent.

/4, Desired Effects on Target. E, is the desired effects on the target.
Expressed as a percentage, this number represents the commander’s desired destruction
of a particular class of target. For example, a commander might desire 5% effects for
personnel targets.

15; Percentage of Available Weapons. PH, is the percentage of artillerv
elements capable of firing in unit k. This number acts as a force multiplier and assumes
that the damage caused by a unit, per ammunition type, is a linear function of the
number of elements available. For example, if a normal cannon battery consists of 8
howitzers, and one howitzer is unavailable, then the model assumes that each volleyv fired
1s (7°8) as effective as a complete 8 gun battery.

b. Model Specific Data

Although the following data is specific to the Artillerv Optimization Model.
it is derived from information currently available in the artillery fire support svstem.

(1, Projectiles per Volley. NP, is the number of projectiles fired by unit
k. This amount is computed by multiplying the number of assigned weapons in unit k.
by the percentage of elements available (PH,), by the number of vollevs. For example,
if unit k is assigned 4 howitzers, and all the howitzers are firing 3-volleys, then NP, is
12.

12, Model Time Period. At is the time period for which the Artillery

Optimization Model computes target values and optimizes the artillery fire. For
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